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1 Introduction
During RAN1#89 meeting, it was agreed to support single and multiple synchronization signal (SS) block transmissions in frequency in a wideband component carrier (CC). In NR Ad-Hoc#2 meeting, RAN1 agreed to include non-contiguous bandwidth parts (BWP) as one of use cases for the BWPs. Some of relevant agreements are provided below:  
Agreements from RAN1#89 meeting [1]:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))

· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling

· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement

· FFS: Details of measurement configuration
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching
Observation from RAN1 NR Ad-Hoc#2 meeting [2]:
· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part

· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same

Agreements from RAN1 NR Ad-Hoc#2 meeting [2]:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation
· Carrier without SS block can be configured for some UEs

· In configuration of a BWP,

· A UE is configured with BWP in terms of PRBs. 

· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.

· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

In this document, we discuss details on multiple SS burst set transmissions in frequency including the maximum number of SS burst sets in a wideband CC, configuration of multiple SS burst sets in frequency, and RRM measurement configuration with multiple SS burst sets in the wideband CC.
2 Discussion
As observed in [3], concept of bandwidth parts was adopted in NR to support reduced UE BW capability, UE BW adaptation, frequency division multiplexing (FDM) of multiple numerologies, and use of non-contiguous spectrum. Multiple SS burst set transmissions in frequency make gNB easily configure a UE, which has a smaller operating bandwidth than a carrier bandwidth, with a BWP including SS blocks(s) and accordingly, allow the UE to detect and measure the SS block(s) without local oscillator (LO) retuning. Note that BWPs are UE-specifically configured and signalled. Furthermore, it is up to gNB to coordinate scheduling of different UEs’ BWPs, when the different UEs’ BWPs are fully or partially overlapping.
2.1 Numerology of BWP and SS block measurement
If a connected mode UE is configured with a single BWP, subcarrier spacing (SCS) of which is different from SCS of SS block(s) (predefined for a corresponding frequency band), SS block(s) may not be transmitted on that BWP, but transmitted on another BWP configured with SCS same as SCS of the SS block. In this case, UE may have to retune its LO and adjust subcarrier spacing (and potentially sampling rate) for SS block based measurement. However, frequent LO retuning for intra-frequency measurement and time/frequency tracking can be avoided, if gNB configures the UE with CSI-RS based L3 measurement and tracking reference signal.     
If all frequency parts within a wideband carrier adopt SCS (e.g. 120KHz) different from SCS (e.g. 240KHz) of SS block(s), the SS block(s) of one SS burst set of the wideband carrier need to be time-multiplexed or time/frequency-multiplexed with data and control channels of the different SCS (e.g.120KHz) within a frequency part. If UE is configured with at least one BWP including the SS block(s), UE does not need to retune LO, but to adjust operational subcarrier spacing (and potentially sampling rate) for SS block based measurement. During SS block measurement, UE may not be able to receive data and control channels, unless UE supports simultaneous operation of two subcarrier spacing. 
2.2 Number of SS burst sets in frequency
If multiple SS burst sets transmitted in frequency are associated with a single wideband CC (i.e. a single scheduling entity capable of addressing any frequency part of the wideband CC), the same PSS/SSS sequences can be employed for those SS burst sets to implicitly indicate to UE the association of those SS burst sets. Further, to differentiate the multiple SS burst sets in frequency of the wideband CC, a few bits to indicate indices of frequency-domain SS burst sets can be included as payload of PBCH. These indices can also be used to construct extended cell IDs addressing multiple logical cells of the wideband CC, wherein each logical cell can schedule any part of the wideband CC and is associated with one SS burst set in frequency of the wideband CC. 
UEs operated with a narrowband transceiver will be able to use only some frequency parts within the wideband CC at a given time. Thus, the number of SS burst sets in frequency for the wideband CC may need to be large enough to distribute narrowband UEs across multiple frequency parts of the wideband CC. On the other hand, signalling overhead in PBCH and radio resource overhead from multiple SS burst set transmissions in frequency should be taken into account. Assuming potential 400 MHz or 800 MHz carrier bandwidth and 100MHz minimum UE bandwidth in high frequency bands (e.g. frequency band above 6GHz), the maximum 4~8 SS block transmissions in frequency may be appropriate, i.e. up to 4~8 SS burst sets in frequency with 2~3 bit indication in PBCH. 
Proposal 1: The maximum 4~8 SS bust sets can be transmitted in frequency for a single wideband CC.  
2.3 Multiple SS block transmissions in frequency
If multiple SS burst sets in frequency associated with a wideband CC are transmitted in SS raster frequencies, each frequency part within the wideband CC having a SS burst set is self-discoverable. An idle mode UE can camp on one SS burst set in frequency of the wideband CC, as long as PBCH of the SS burst set indicates that a logical cell associated with the SS burst set is not barred for UE to camp on. In addition, not only connected mode UEs but also idle mode or initial access UEs which are not informed of specific frequency locations of multiple SS burst sets of the wideband CC may be able to combine multiple PSS/SSS sequence correlation outputs obtained from the different SS raster frequency locations (combining is up to UE implementation) and reduce cell detection latency.  
Proposal 2: Multiple SS burst sets in frequency are transmitted on SS raster frequencies in a wideband carrier.  
Considering that multiple SS burst sets for a wideband CC may be transmitted from same or different (but synchronized and coordinated) network nodes or TRPs (Tx/Rx point) depending on deployment scenarios, it is desired to separately configure each SS burst set of the wideband CC in terms of SS burst set periodicity, the number of SS blocks per SS burst set (i.e. number of downlink Tx beams per SS burst set), SS transmit power, and (actually transmitted) SS block time locations within the SS burst set. Furthermore, corresponding RMSI contents including configurations of SS burst set and RACH may be different per SS burst set in frequency. 
For example, depending on user distribution or cell loading conditions, some logical cells of the wideband CC may be less or not used for a given time duration. Then, SS burst sets for those logical cells may be transmitted with longer periodicity. Also, different network nodes for the wideband CC may have different number of antenna groups and/or belong to different power classes, leading to different number of Tx beams and/or different SS transmit power. As per the SS block time locations, some coordination may be needed across frequency parts to avoid DL/UL interference. For example, if all logical cells of the wideband CC are co-located at a node (i.e. one node transmits the multiple SS burst sets in frequency) and the node does not have full-duplex capability, the node may have to coordinate time locations of transmitted SS blocks of the multiple SS burst sets to have common DL or UL regions across the frequency parts. In any case, it is desired to define a separate configuration signalling for each SS burst set, in order to accommodate various deployment scenarios and future-proof design.     
Proposal 3: Each SS burst set of multiple SS burst sets in frequency for a wideband CC has a separate configuration in terms of SS burst set periodicity, the number of SS blocks per SS burst set (i.e. number of downlink Tx beams per SS burst set), SS transmit power, and (actually transmitted) SS block time locations within a SS burst set. 
2.4 RRM measurement configuration
If multiple SS burst sets of a wideband CC provide different spatial coverages, a UE connected to the wideband CC (i.e. served by one logical cell of the wideband CC) may have to frequently measure SS frequencies which are different from a current serving SS frequency but part of SS frequencies of the wideband CC. Since the multiple SS burst sets of the wideband CC are transmitted from a single node or synchronized (and coordinated) multiple nodes, an allowed set of SS block time locations is common (in terms of absolute time) for the multiple SS burst sets. UEs with wideband receiver capability may be able to measure multiple SS frequencies, where the multiple SS burst sets are transmitted, simultaneously. However, UEs operated with narrowband receivers may be able to measure only one SS frequency at a given time. Thus, it may take much longer time for the narrowband UEs to perform SS block based measurements on all the SS frequencies of the wideband CC than for the wideband UEs. 
If slot-level or sub-frame-level time offsets are applied to the SS burst sets transmitted on the different SS frequencies of the wideband CC, the narrowband UEs can also measure all the SS frequencies more quickly and efficiently, especially when SS burst set periodicities are set to be large. The allowed time offset values may be predefined, depending on SCS of SS block and/or periodicity of SS burst set, and PBCH can indicate the exact timing offset applied to each SS burst set. For example, as shown in Figure 1 (a), time offset values {0, 2.5, 10, 12.5}ms are allowed for SS block of 240KHz SCS and SS burst set periodicity of 20ms or longer. For 240KHz SCS, the time offset values {0, 2.5, 10, 12.5}ms correspond to {0, 40, 160, 200}slots. 
The connected mode UE may be configured with a separate SS block based RRM measurement timing configuration (SMTC) per SS frequency of serving or non-serving wideband CC including separate measurement window periodicity, duration, and offset information. However, this may cause high signalling overhead for measurement configuration and may lead to too frequent measurement gaps for the narrowband UEs. Alternatively, the connected mode UE may receive one or two SMTCs per wideband CC, each of which includes measurement window periodicity, duration, offset, associated SS frequencies of the wideband CC, and SS frequency specific additional time offsets. 

Proposal 4: Support one or two SMTC per wideband CC, each of which includes measurement window periodicity, duration, offset, associated SS frequencies of the wideband CC, and SS frequency specific additional measurement window time offsets.  
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Figure 1 Examples of multiple SS burst set transmissions in frequency for a wideband CC
3 Conclusion
In summary, we propose the followings for multiple SS block transmission in frequency for a wideband carrier in NR:

· Proposal 1: The maximum 4~8 SS bust sets can be transmitted in frequency for a single wideband CC.  
· Proposal 2: Multiple SS burst sets in frequency are transmitted on SS raster frequencies in a wideband carrier.  
· Proposal 3: Each SS burst set of multiple SS burst sets in frequency for a wideband CC has a separate configuration in terms of SS burst set periodicity, the number of SS blocks per SS burst set (i.e. number of downlink Tx beams per SS burst set), SS transmit power, and (actually transmitted) SS block time locations within a SS burst set. 
· Proposal 4: Support one or two SMTC per wideband CC, each of which includes measurement window periodicity, duration, offset, associated SS frequencies of the wideband CC, and SS frequency specific additional measurement window time offsets.  
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